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Abstract
In this paper we extend our analyses of the decay constant and distribution amplitude
with an improved holographic wavefunction to the heavy-light pseudoscalar mesons. In the
evaluations, the helicity-dependence of the holographic wavefunction is considered; and
an independent mass scale parameter is employed to moderate the strong suppression
induced by the heavy quark. Under the constraints from decay constants and masses
of pseudoscalar mesons, the χ2-analyses for the holographic parameters exhibit a rough
consistence with the results obtained by fitting the Regge trajectory. With the fitted
parameters, the results for the decay constants and distribution amplitudes are presented.
We then show their application in evaluating the Bd,s → Dd,sP decays, in which the power-
suppressed spectator scattering and weak annihilation corrections are first estimated.
Numerically, the spectator scattering and weak annihilation corrections present a negative
shift of about 0.7% on the branching fractions; while, the predictions are still larger than
the experimental data. Such small negative shift confirms the estimation based on the
power counting rules.
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1 Introduction
In recent years a semiclassical first approximation to strongly coupled QCD, light-front (LF)
holographic AdS/QCD, has been developed [1–8] and successfully used to predict the spec-
troscopy of hadrons, dynamical observables such as form factors and structure functions, and
the behavior of the running coupling in the nonperturbative domain etc.. In this approach,
the LF dynamics depend only on the boost invariant variables (the invariant mass m0 or the
invariant radial variable ζ), and the dynamical properties are encoded in the hadronic LF
wavefunction (LFWF), which has the form:
ψ(x, ζ, ϕ) = eiLϕX(x)
φ(ζ)√
2piζ
. (1)
The LF eigenvalue equation, PµP
µ|ψ〉 = M2|ψ〉, can be then reduced to an effective single-
variable LF Schro¨dinger equation for φ(ζ) [6],(
− d
2
dζ2
− 1− 4L
2
4ζ2
+ U(ζ)
)
φ(ζ) = M2φ(ζ) , (2)
which is relativistic, frame independent and analytically tractable.
The the effective potential U(ζ) in Eq. (2), which acts on the valence states and enforces
confinement at some scale, is holographically related to a unique dilation profile in anti-de
Sitter (AdS) space [7,8]. As a result, one arrives at a concise form of a color-confining harmonic
oscillator after the holographical mapping, U(ζ, J) = λ2ζ2 + 2λ(J − 1). Using this confining
potential, one can obtain the eigenvalues, which are the squares of the hadron masses, by
resolving the LF Schro¨dinger equation. In Refs. [9–12], with only one parameter λ = κ2, the
observed light meson and baryon spectra are successfully described by extending superconformal
quantum mechanics to the light-front and its embedding in AdS space. Moreover, very recently,
the analyses are further extended to the heavy-light hadron family [13].
The eigensolution of Eq. (2) provides the holographic LFWF, which encodes the dynamical
properties and is explicitly written as [3, 4]
ψ
(0)
n,L =
1
N
eiLϕ
√
x(1− x)ζLLLn(|λ|ζ2)e−|λ|ζ
2/2, (3)
for meson, where N =
√
(n+ L)!/(n!pi)|λ|(L+1)/2 with LF angular momentum L and radial
excitation number n, ζ2 = x(1 − x)b2⊥ with the invariant transverse impact variable b⊥ and
2
momentum fraction x, and LLn are the Laguerre Polynomials. The holographic WF in the k⊥
space can be obtained via Fourier transform [3,8]. For the ground state, it is written as
ψ(z,k⊥) =
4pi
κ
1√
z(1− z) e
− k
2
⊥
2κ2 z(1−z) . (4)
This holographic LFWF has been widely used to evaluate the hadronic observables, for in-
stance, the decay constant, form factor and distribution amplitude (DA) etc. [3, 14–18].
It should be noted that the quark masses are not included in this holographic LFWF, and
the helicity indices has been suppressed which is legitimate if the helicity dependence decouples
from the dynamics. For the phenomenological application, it is essential to restore both the
quark mass and the helicity dependence of holographic LFWF.
A simple generalization of the holographic WF for massive quarks follows from the assump-
tion that the momentum space holographic WF is a function of the invariant off-energy shell
quantity [4, 8], which implies the replacement in Eq. (4) that [4, 8]
k2⊥
z(1− z) → m0 =
k2⊥
z(1− z) + ∆m
2 , ∆m2 =
m2q
z
+
m2q¯
1− z . (5)
Recently, it has been shown that the nonzero quark mass improves the description of data for
P -to-photon (P = pi and η(′)) transition form factors [23]. Unfortunately, for the heavy-light
meson, the momentum fraction of light (anti-)quark is pushed to a very small value, and the
decay constant is strongly suppressed by the heavy quark mass [13]. In order to remedy such
suppression, the mass term in the wavefunction is further modified through the replacement [13]
e−
1
2κ2
m2q
z → e− α
2
2κ2
m2q
z (6)
(q is the heavy quark) by introducing a scale factor α, in which, the value α = 1/2 for the heavy-
light meson is suggested. More generally, as suggested in Refs. [14,19–22], the exponential term
relevant to quark mass can be absorbed in the longitudinal mode, f(x,m1,m2); and the mass
scale parameter, namely η, entering in f(x,m1,m2) may not necessarily be identified with κ
characterizing the dilation field. The large values of η are suggested to fit the spectra and decay
constants of heavy-light states [14].
The helicity dependence of holographic LFWF could be restored by introducing the helicity-
dependent wavefunction Sh,h¯. For the vector meson, in analogy with the lowest order helicity
structure of the photon LFWF in QED, the Sh,h¯ with spinor structure, u¯h/
λvh¯ is introduced [24],
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and has been successfully used to describe diffractive ρ meson electroproduction at HERA [25].
It is also used to predict the light-front distribution amplitudes (LFDAs) of the ρ and K∗
vector mesons [26, 27], the B → ρ ,K∗ form factors [28, 29], and further applied to rare B →
K∗µ+µ− and B → ρ`ν¯` decays [30–32]. For the light pseudoscalar meson, the helicity-dependent
holographic LFWF is also studied very recently [33, 34], and then confronts with a number of
sensitive hadronic observables including the decay constants, DAs and ξ-moments of pi and K
mesons, the pion-to-photon transition form factor, and pure annihilation Bd → K+K− and
Bs → pi+pi− decays.
In this paper, we will extend the analyses of the improved holographic LFWF to the heavy-
light pseudoscalar meson. In the evaluations, the decay constant and holographic DA for the
heavy-light pseudoscalar meson will be predicted. Then, in order to further test these results,
we will apply them to evaluate the Bd,s → Dd,sP (P = pi and K) decays. These decay modes
are dominated by the color-allowed tree topology, and have been evaluated, for instance, in
the frameworks of the factorization assisted topological amplitude approach [35, 36], the naive
factorization (NF) with final state interaction [37], the QCD factorization (QCDF) [38,39] and
the perturbative QCD (pQCD) [40,41]. In the QCDF approach, the vertex QCD corrections at
the levels of next-to-leading order (NLO) [38] and next-to-next-to-leading order (NNLO) [39]
have been evaluated in recent years. In this paper, besides of the vertex amplitude, the spectator
scattering and weak annihilation contributions will be evaluated even though they are generally
expected to be small based on the analysis of power counting [38].
Our paper is organized as follows. In section 2, the decay constants and DAs with the
improved holographic LFWF for the heavy-light pseudoscalar mesons are studied. With the
hadronic observables obtained in section 2 as inputs, we further evaluate the Bd,s → Dd,sP
decays in section 3. Finally, we give our summary in section 4.
4
2 Decay constant and distribution amplitude for heavy-
light pseudoscalar meson
The general expression for the holographic LFWF with the inclusion of the helicity-dependence
in k⊥ space can be written as
Ψh,h¯(z,k⊥) = Sh,h¯(z,k⊥)ψ(z,k⊥) , (7)
where h(h¯) are the helicities of the (anti-)quark; ψ(z,k⊥) and Sh,h¯(z,k⊥) are the radial and
helicity-dependent wavefunctions, respectively.
Following the proposal presented in Refs. [14, 19–22], a general form of the soft-wall holo-
graphic WF absorbing the quark mass term can be written as [14]
Eq. (4) → ψ(z,k⊥) = 4pi
κ
1√
z(1− z) e
− k
2
⊥
2κ2 z(1−z) f(z,mq,mq¯) , (8)
with the longitudinal mode
f(z,mq,mq¯) ≡ Nf(z)e−
∆m2
2η2 , (9)
in which, f(z) = 1, η is the mass scale parameter, and N is the normalization constant deter-
mined by ∫ 1
0
dz |f(z,mq,mq¯)|2 = 1 . (10)
It is noted that ψ(z,k⊥) given by Eq. (8) with N obtained through Eq. (10) can automatically
satisfy the normalization condition∫
dz d2k⊥
2(2pi)3
|ψ(z,k⊥)|2 = 1 , (11)
which usually appears in literatures.
For the dimensional parameter η entering in the longitudinal mode, the simplification η = κ
is usually used in the studies for the light hadrons, even though it is not necessary as mentioned
in the introduction and discussed in Refs. [14,19–21]. It has been noted that such simplification
leads to the very strong suppression on the decay constants for the heavy-light mesons [13,14]. In
order to remedy such suppression, the mass term of heavy quark in the wavefunction is rescaled
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through m2q → α2m2q with α ∼ 1/2 in Ref. [13]. Alternatively, we adopt the proposal presented
in Refs. [14, 19, 20], and assume that η = κ only in the limit of massless quark, mq,q¯ → 0, and
η > κ for the other cases. Numerically, we take η/κ = 1 , 1.5 , 2.5 for q = u(d), s, c(b) (q is
the relatively heavy quark in a meson) for simplicity. Here, we would like to clarify that such
strategy used in this paper is a phenomenological approach to remedy the strong suppression
effect caused by the heavy quark mass, and more theoretical efforts are required to explore the
underlying mechanism.
In the recent works, the helicity-dependent wavefunctions for the pseudoscalar meson with
spinor structures, u¯h(iγ5)vh¯ and u¯h(i
m0
2p+
γ+γ5 + iγ5)vh¯, are introduced and then confronted
with hadronic observables, such as the decay constants of pi and K mesons, their ξ-moments,
the pion-to-photon transition form factor and the B¯s → pi+pi− and B¯d → K+K− pure an-
nihilation decays [33, 34]. The helicity-dependent wavefunction, Sh,h¯(z,k⊥), can be obtained
by the interaction-independent Melosh transformation [42]. Explicitly, the covariant form of
Sh,h¯(x,k⊥) is written as [43,44]
Sh,h¯(z,k⊥) =
u¯h(k1) iγ5 vh¯(k2)√
2
√
m20 − (mq −mq¯)2
, (12)
which satisfies the normalization condition∑
h, h¯
S†
h,h¯
(z,k⊥)Sh,h¯(z,k⊥) = 1 . (13)
It is noted that the total normalization condition∑
h,h¯
∫
dz
d2k⊥
2(2pi)3
|Ψh,h¯(z,k⊥)|2 = 1 (14)
is also automatically satisfied by the improved holographic LFWF Ψh,h¯(z,k⊥) given by Eq. (7)
with ψ(z,k⊥) and Sh,h¯(z,k⊥) given respectively by Eqs. (8) and (12).
The decay constant of pseudoscalar meson is defined by
〈0|q¯γµγ5q|P (p)〉 = ifPpµ . (15)
In the framework of LF quantization, with the Lepage-Brodsky (LB) conventions and light-
front gauge [45, 46], a hadronic eigenstate |P 〉 can be expanded in a complete Fock-state basis
of noninteracting 2-particle states as
|P 〉 =
∑
h,h¯
∫
dk+d2k⊥
(2pi)32
√
k+(p+ − k+)Ψh,h¯
(
k+/p+,k⊥
) |k+, k⊥, h; p+ − k+,−k⊥, h¯〉 . (16)
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With the LF helicity spinors uh and vh, the Dirac (quark) field is expanded as
ψ+(x) =
∫
dk+√
2k+
d2k⊥
(2pi)3
∑
h
[bh(k)uh(k)e
−ik·x + d†h(k)vh(k)e
ik·x] , (17)
in terms of particle creation and annihilation operators, which satisfy the equal LF-time anti-
commutation relations
{b†h(k), bh′(k′)} = {d†h(k), dh′(k′)} = (2pi)3δ(k+ − k′+)δ2(k⊥ − k′⊥)δhh′ . (18)
Using above formulae, the left-hand-side of Eq. (15) for µ = + can be expressed as
〈0|q¯γ+γ5q|P (p)〉 =
√
Nc
∑
h,h¯
∫
dzd2k⊥
(2pi)32
√
zz¯
Ψh,h¯(z,k⊥)v¯h¯(z¯,−k⊥)γ+γ5uh(z,k⊥) . (19)
Then, further using Eqs. (7), (12) and (15), and v¯h¯γ
+γ5uh = ± 2
√
zz¯p+δh±,h¯∓, we finally arrive
at
fP =
√
Nc
pi
∫ 1
0
dz
∫
d2k⊥
(2pi)2
ψ(z,k⊥)√
zz¯
(z¯mq + zmq¯)√
2
√
m20 − (mq −mq¯)2
. (20)
Using the theoretical formulae given above, we then present our numerical evaluation. In
the framework of LF holographic QCD, the basic inputs include the mass scale parameter κ
and the effective quark masses. The effective quark masses, in principle, should be universal
in a specific theoretical framework of holographic QCD; while, the κ is generally different for
various (q, q¯′) states.
For the light hadrons, the values of holographic QCD parameters have been well determined
in the past years. The value κ ∼ [0.5, 0.63] GeV is generally expected by extracting from
hadronic observables, for instance, Refs. [8, 12, 25, 27, 47–49], in which κ = 0.59 GeV for light
pseudoscalar mesons is suggested by fitting the light-quark spectrum [8]. The light-quark mass
mu,d = 46 MeV and ms = 357 MeV [8] are obtained by fitting to mpi,K with only the soft-wall
potential considered. In some works for evaluating the hadronic observables, the constituent
mass mu,d ∼ 350 MeV and ms ∼ 480 MeV are used, for instance, Ref. [27]. In addition, after
considering the color Coulomb-like potential, the much larger values mu,d ∼ 420 MeV and
ms ∼ 570 MeV are suggested [14].
For the heavy-light hadrons, the values of holographic parameters are not determined pre-
cisely for now. Very recently, fitting to the masses of the ground states for both mesons and
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Table 1: The fitted results (the third row) for the mass scale parameter κ in unit of GeV under
the constraints from the decay constants and meson masses. The second row corresponds to
the results obtained by fitting to the hadron spectra [8, 13].
κq¯q κq¯s κq¯c κs¯c κq¯b κs¯b
Refs. [8, 13] 0.59 0.59 0.655 0.735 0.963 1.110
this work 0.548+0.014−0.012 0.626
+0.012
−0.014 0.846
+0.030
−0.030 0.957
+0.026
−0.028 1.067
+0.028
−0.023 1.144
+0.027
−0.018
baryons containing a charm quark or a bottom quark, the best-fit resultsmc = 1.327 (1.547) GeV,
mb = 4.572 (4.922) GeV with α = 0.5 (1) are obtained [13]. In addition, the best-fit values
κq¯c ,s¯c ∼ [0.655, 0.736] GeV , [0.735, 0.766] GeV and κq¯b ,s¯b ∼ [0.963, 1.13] GeV , [1.11, 1.16] GeV
(q = u, d) have also been obtained by fitting the Regge slopes [13]. The fitted values of κ for
the light and heavy-light mesons [8, 13] are summarized in Table 1.
The leptonic decay constants provide severe tests for the adequacy of the wavefunction and
constraints on the spaces of holographic parameters. For the charged heavy-light mesons, the
decay constants can be determined experimentally through the leptonic P → lν¯ decays. The
updated world averaged experimental results [50] are summarized in the second row of Table 2,
and will be used in the following χ2 analyses 1. For consistence, the fit to the light mesons is also
revisited in this paper, and the data fpi = (130.28±0.26)MeV and fK = (156.09±0.49)MeV [50]
are used. Besides the decay constants, the mesons’ messes are also taken into account in our
fits. The averaged data given by PDG [50] are used 2.
In this paper, the contributions of an additional color Coulomb-like interaction, V (r) =
−4αs/3r, induced by the one-gluon exchange [51, 52] are also included. It can be achieved
phenomenologically by extending U → U +UC , where UC is the contribution of color Coulomb-
like potential, and has been studied in, for instance, Refs. [14, 19, 22, 53]. It is noted that the
contribution of UC to the mass M
2 is negative and proportional to the quark mass squared.
1The averaged lattice QCD (LQCD) results, fBd = (187.1± 4.2)MeV and fBs = (227.2± 3.4)MeV, are used
in the fit because there is not available data for fBs . The former is in consistence with the data (188± 25)MeV.
2In our χ2-fit, as a conservative choice, an additional 1% error is assigned to the experimental data of
observable if its significance is larger than 100σ errors.
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Table 2: The experimental data and theoretical results for the decay constants of light and
heavy-light mesons in unit of MeV. See text for explanation.
fD+ fDs fDs/fD+ fB− fBs fBs/fB−
Exp. [50] 203.7± 4.7 257.8± 4.1 1.266± 0.035 188± 25 — —
LQCD [56] 211.9± 1.1 249.0± 1.2 1.173± 0.003 187.1± 4.2 227.2± 3.4 1.215± 0.007
QCDSR [57] 204.0± 4.6 243.2± 4.9 1.170± 0.023 204.0± 5.1 234.5± 4.4 1.154± 0.021
LFQM [58] 205.8± 8.9 264.5± 17.5 1.29± 0.07 204± 31 270.0± 42.8 1.32± 0.08
LFHQCD [13] 199 (127) 216 (159) 1.09 (1.25) 194 (81) 229 (117) 1.18 (1.44)
this work 214.2+7.6−7.8 253.5
+6.6
−7.1 1.184
+0.054
−0.052 191.7
+7.9
−6.5 225.4
+7.9
−5.3 1.176
+0.056
−0.053
Such corrections can be included in the form of a constant term [14,22,53]
∆M2C = −
64α2s(µq¯q)mqmq¯
9(n+ L+ 1)2
, (21)
with µq¯q = 2mqmq¯/(mq +mq¯). The strong coupling αs depend on the quark flavor and has the
following “freezing” form [14,54,55]
αs(µ
2) =
12pi
(33− 2Nf ) ln µ
2+M2B
Λ2
, (22)
where, Nf is the number of flavors, Λ is the QCD scale parameter, MB is the back ground
mass. In the numerical evaluation, we take Λ = 415MeV and MB = 855MeV [14, 54]. Finally,
the master formula for the mass of pseudoscalar meson (ground-state) reads [14]
M2 =
∫ 1
0
dz
(
m2q
z
+
m2q¯
1− z
)
f 2(z,mq,mq¯) + ∆M
2
C . (23)
Under the constraints form the decay constants and masses of pi and K mesons, the allowed
spaces of (κq¯q,mq) and (κq¯s,ms) (q = u, d) are shown in Fig. 1. It can be clearly seen that the
constraints on the parameter spaces are very strong due to the precisely measured data. The
numerical results for κ are summarized in Table 1, in which the results obtained by fitting to
the hadron spectra [8, 13] are also listed for comparison. We find that: (i) For (κq¯q,mq), two
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Figure 1: The fitted spaces for the holographic parameters (κq¯q,mq) and (κq¯s,ms) with q = u, d.
Figs. (a) and (b) show the results under the constraints from the decay constants and messes
of mesons (pi and K), respectively, at 95% C.L.; Fig. (c) shows the results under the combined
constraints at 68% and 95% C.L..
solutions around (0.65, 0.28) GeV and (0.55, 0.38) GeV can be clearly seen from Fig. 1 (a), in
which the later having relatively small κq¯q ∼ 0.55 GeV is employed in the following evaluations.
(ii) As Fig. 1 (c) and Table 1 show, one can find κq¯s/κq¯q ∼ 1.14 > 1, which is caused by
the flavor symmetry-breaking effect exhibited by the data fK/fpi ∼ 1.20. Our fitted results
κq¯q ∼ 0.54 GeV and κq¯s ∼ 0.63 GeV are in consistence with the result κq¯q,q¯s ∼ 0.59 GeV [8].
(iii) For the quark mass, we find that our results
mq = 0.382
+0.007
−0.008 GeV , ms = 0.580
+0.012
−0.011 GeV (24)
at 68% C.L. are significantly larger than the ones mq = 0.046 GeV and ms = 0.357 GeV [8]
because of the contribution of color Coulomb-like potential considered in this paper which leads
to a negative shift of M2.
With the best-fit values of light-quark masses given by Eq. (24) as inputs, the allowed
spaces of the holographic parameters for the D(s) and B(s) mesons are shown by Figs. 2 and 3,
respectively. The numerical results for κ are also summarized in Table 1. It can be clearly seen
that: (i) As Figs. 2 (a) and (b) show, the mass mD(s) dominates the constraint on the c−quark
mass, and the parameter κq¯c (κs¯c) is mainly determined by the decay constant fD(s) ; the case
for B and Bs mesons is similar which can be seen from Figs. 3 (a) and (b). Under the combined
constraints, the holographic parameters and quark masses are strictly bounded. (ii) Similar to
the case for pi and K system, one can find that κs¯c/κq¯c ∼ 1.13 > 1 and κs¯b/κq¯b ∼ 1.07 > 1 is
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Figure 2: The fitted spaces for the holographic parameters (κq¯c,mc) and (κs¯c,mc) with best-fit
values of mq and ms as inputs. The other captions are the same as Fig. 1.
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Figure 3: The fitted spaces for the holographic parameters (κq¯b,mb) and (κs¯b,mb) with best-fit
values of mq and ms as inputs. The other captions are the same as Fig. 1.
required to provide sufficient flavor symmetry-breaking resource for fitting fDs/fD and fBs/fB.
Comparing with the best-fit values of κ obtained by fitting to the Regge trajectories [13], one
can clearly see from Table 1 that our results for κq¯b and κs¯b agree with the ones in Ref. [13], but
our results for κq¯c and κs¯c are relatively larger which is mainly caused by the constraints from
fD(s) . (iii) Due to the negative contribution to M
2 induced by color Coulomb-like potential,
our results for the heavy quark masses are also larger than the ones in Ref. [13]. Numerically,
we obtain
mc = 1.882
+0.025
−0.030 GeV , mb = 5.435
+0.071
−0.067 GeV (25)
at 68% C.L..
With above fitted results as inputs, our theoretical results for the decay constants are listed
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Figure 4: The holographic DAs of pi, K, Dd,s and Bu,s mesons at µ = 1 GeV. The red and blue
curves correspond to the q−flavor (q = u, d) and s−flavor mesons, respectively.
in the table 2 3, in which the world averaged results based on the lattice QCD (LQCD) [50,56]
with Nf = 2 + 1(+1) and the QCD sum rules (SR) [57], the theoretical predictions based
on a light-front quark model (LFQM) [58] and the LF holographic QCD (LFHQCD) with
α = 0.5 (1) [13] are also listed for comparison. From table 2, it can be found that our results
are generally in consistence with the data and the results in the other theoretical framework.
Moreover, comparing with the previous results in Ref. [13], one can find that the results of
holographic QCD can be improved when the helicity-dependent wavefunction is taken into
account.
In the following evaluation of Bd,s → Dd,sP decays, the holographic distribution amplitudes
(DAs) are need as hadronic inputs. The DA for pseudoscalar meson parametrizes the operator
product expansion of meson-to-vacuum matrix element, which is defined as [59]
〈0|q¯(0)γµγ5q(x)|P (p)〉 = ifPpµ
∫ 1
0
du e−iup·xΦ(u) . (26)
Expanding the hadronic state with the same manner as derivation for the decay constant, we
can finally arrive at
Φ(z, µ) =
√
Nc
pifP
∫ |k⊥|<µ d2k⊥
(2pi)2
ψ(z,k⊥)√
zz¯
(z¯mq + zmq¯)√
2
√
m20 − (mq −mq¯)2
. (27)
in which, the scale µ with the ultraviolet cut-off on transverse momenta is identified.
Using the best-fit values of holographic parameters, the DAs of Dd,s and Bu,s mesons at
µ = 1 GeV are plotted in Fig. 4, in which the DAs for pi− and K− mesons are also replotted.
3Our theoretical results here should be treated as “posterior predictions” since they are based on the inputs
obtained by fitting current data.
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Figure 5: The leading-order contribution (tree diagram).
With the normalization factor determined by Eq. (10), all of the DAs can automatically satisfy
the normalization condition
∫ 1
0
dzΦ(z) = 1. It can be clearly seen from Fig. 4 that the location
where z peaked is close to 1 and the very small z . 0.15 for Dd,s and z . 0.5 for Bu,s are
strongly suppressed, which imply the relatively heavier the quark, the larger momentum it
can carried, as ones expected. The shapes of DAs in Fig. 4 are generally agree with the ones
obtained in, for instance, the LFQM with Gaussian and power-law types WFs [44] (see Figs. 1
and 2 in Ref. [44] ), the relativistic potential model [60].
3 Application in B → DP decays
The decay constants and DAs obtained in the framework of LF holographic QCD given in the
last section can be used to evaluate meson decays. In this section, they will be applied in
evaluating Bd,s → Dd,sP (P = pi ,K) decays. The effective Hamiltonian responsible for the
Bd,s → Dd,sP decays, which are induced by the tree-dominated b→ c transition, can be written
as
Heff = GF√
2
∑
q′=d,s
VcbV
∗
uq′
{
C1(µ)Q1(µ) + C2(µ)Q2(µ)
}
+ h.c., (28)
where GF is the Fermi coupling constant, VcbV
∗
uq′ is the product of CKM matrix elements [61,62],
Q1,2 are local tree four-quark operators, C1,2(µ) are Wilson coefficients summarize the physical
contributions above scale of µ and are calculable with the perturbation theory [63].
In order to obtain the decay amplitudes, the main work is to accurately calculate the
hadronic matrix elements of local operators in the effective Hamiltonian. Following the pre-
scription proposed in Ref. [46], the hadronic matrix elements for B → M1M2 decay can be
written as the convolution integrals of the scattering kernel with the DAs of the participating
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(a) (b) (c) (d)
Figure 6: The vertex diagrams at the order of αs.
(a) (b)
Figure 7: The spectator scattering diagrams at the order of αs.
mesons [64],
〈M1M2|Qi|B¯〉 =
∑
j
F B¯→M1j
∫
dxT Iij (x)ϕM2(x) + (M1 ↔M2)
+
∫
dxdydz T IIi (x, η, ξ)ϕM1(x)ϕM2(η)ϕB(ξ) , (29)
where x , η , ξ are the momentum fractions, and the kernels T I,IIi (x, η, ξ) are hard-scattering
functions and are perturbatively calculable.
For the case of Bd,s → Dd,sP decays, the first term on the right-hand-side of Eq. (29)
accounts for the tree and vertex amplitudes; the diagrams of tree (T) and vertex (V) interaction
at NLO are shown in Figs. 5 and 6, respectively; the second term vanishes; and the third term
accounts for the spectator scattering (SS) and weak annihilation (WA) corrections shown by
Figs. 7 and 8, and is usually dropped in the previous works because it is power-suppressed [38].
It should be noted that, some of the power-suppressed corrections, such as the transverse
amplitudes for B → D∗V decay providing ∼ 10% contribution on the branching fraction [65],
are possibly essential for the relatively accurate predictions; moreover, it is also worth to test
if the power-suppressed corrections are comparable to the NNLO QCD corrections, which add
another positive shift of 2 − 3% on the amplitude level [39]. Therefore, in this work, the SS
and WA contributions are reserved, and will be evaluated. In addition, it is arguable if the SS
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(a) (b) (c) (d)
Figure 8: The annihilation diagrams at the order of αs.
amplitude can be calculated perturbatively [38], nonetheless, the QCD factorization formula,
Eq. (29), is still employed in our estimation.
Applying the QCDF formula, the amplitude of B¯q → DqP decay can be written as
M(B¯q → DqP ) = GF√
2
VcbV
∗
uq′ A(α1 + β1) , (30)
with
A ≡ ifMFB→D0 (q2)(m2B −m2D) , (31)
where FB→D0 is the form factor; q
′ = d and s for P = pi and K, respectively; α1 and β1 are the
effective flavor coefficients. The tree, vertex and spectator scattering contributions are included
in α1; the annihilation correction is included in β1, which is zero for B¯d → DdK and B¯s → Dspi
decays at the order of αs. These effective coefficients in Eq. (30) are explicitly written as
α1 = C1 +
1
Nc
C2 + C2
CF
Nc
αs
4pi
(
V1 +
4pi2
Nc
B
A
H1
)
, (32)
β1 = C1 αspi
CF
N2c
B
A
A1 , (33)
where B ≡ ifBfDfP ; V1, H1, A1 are the vertex, spectator scattering and annihilation functions,
respectively, and are obtained by calculating Figs. 6, 7 and 8. Without the QCD corrections, the
naive factorization (NF) result, i.e., the tree contribution, α1 = C1 +C2/Nc, can be recovered.
For the vertex function, after calculating Fig. 6, one can obtain
V1 =
∫ 1
0
dxΦM(x)
[
3 log
(m2b
µ2
)
+ 3 log
(m2c
µ2
)
− 18 + g0(x)
]
, (34)
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in which
g0(x) =
ca
1− ca log(ca)−
4 cb
1− cb log(cb) +
cd
1− cd log(cd)−
4 cc
1− cc log(cc)
+f(ca)− f(cb)− f(cc) + f(cd) + 2 log(z2c )
[
log(ca)− log(cb)
]
−zc
[ ca
(1− ca)2 log(ca) +
1
1− ca
]
− z−1c
[ cd
(1− cd)2 log(cd) +
1
1− cd
]
, (35)
with zc = mc/mb, ca = x (1− z2c ), cb = x¯ (1− z2c ), cc = −ca/z2c , cd = −cb/z2c and
f(c) = 2Li2(
c− 1
c
)− log2(c)− 2c
1− c log(c) . (36)
These results are in agreement with the ones obtained in previous works, for instance, Ref. [38].
In addition, the vertex function for B → PP decay, which has been given in, for instance,
Refs. [66–68], can be recovered from above formulae by taking the limit of mc → 0.
For the spectator scattering function, after calculating Fig. 7, we finally obtain
H1 = H
a
1 +H
b
1 , (37)
Ha1 =
∫ 1
0
dx dη dξ ΦP (x) ΦD(η) ΦB(ξ) (1− r2D)
rD(ξ¯ − η¯) + 2ξ¯ − η¯(1 + r2D)− x¯(1− r2D)
[ξ¯η¯(1 + r2D)][ξ¯η¯(1 + r
2
D) + x¯(ξ¯ − η¯)(1− r2D)]
(38)
Hb1 =
∫ 1
0
dx dη dξ ΦP (x) ΦD(η) ΦB(ξ) (1− r2D)
−rD(ξ¯ − η¯)− ξ¯(1 + r2D) + 2η¯r2D + x(1− r2D)
[ξ¯η¯(1 + r2D)][ξ¯η¯(1 + r
2
D) + x(ξ¯ − η¯)(1− r2D)]
(39)
where, rD = mD/mB; the momentum fractions x, η and ξ (x¯ ≡ 1− x, η¯ ≡ 1− η and ξ¯ ≡ 1− ξ)
for the quark (anti-quark) in P , D and B mesons are specified, respectively. The twist-3 DA
of P meson doesn’t contribute to the spectator scattering amplitude.
For the annihilation function, after calculating the diagrams in Fig. 8, we finally obtain the
full expression for A1, which is given in appendix. From Eqs. (53-56), we find that, the twist-3
DA of P meson in addition to twist-2 also contributes to the annihilation amplitudes due to the
un-negligible mD; it is obviously different from the case in B → PP decays [66, 67]. However,
these contributions are strongly suppressed by both rD and rµP relative to the contributions
of twist-2 part, and therefore, they are neglected in our following numerical evaluation. With
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such approximation, the annihilation amplitudes, Eqs. (53-56), can be finally simplified as
A1 = A
a
1 + A
b
1 + A
c
1 + A
d
1 , (40)
Aa1 =
∫ 1
0
dx dη dξ ΦP (x)ΦD(η) ΦB(ξ)
(1 + r2D)(ξ − η¯)− rb
[η¯x][x(η¯ − ξ)(1− r2D)− ξη¯(1 + r2D)]
, (41)
Ab1 =
∫ 1
0
dx dη dξ ΦP (x) ΦD(η) ΦB(ξ)
2η¯r2D + x(1− r2D)− ξ¯(1 + r2D)
[η¯x][x(η¯ − ξ¯)(1− r2D)− ξ¯η¯(1 + r2D)]
, (42)
Ac1 = −
∫ 1
0
dx dη dξ ΦP (x) ΦD(η) ΦB(ξ)
2rcrD + r
2
D + x(1− r2D)
[η¯x][x(1− r2D) + 2ηη¯r2D]
, (43)
Ad1 =
∫ 1
0
dx dη dξ ΦP (x) ΦD(η) ΦB(ξ)
1
xη¯(1− r2D)
, (44)
where rc = mc/mB and rb = mb/mB.
The results of V1 had been presented in previous works, for instance Ref. [38], while the
SS and WA amplitudes for Bq → DqP decays given above are first presented in this paper.
The SS and WA amplitudes for the case of PP (P is light meson) final states have been fully
evaluated, for instance, in Refs [66, 67]. Such results of the twist-2 parts for B → PP decays,
for instance, the first terms in Eq. (47) and Eq. (54) in Ref. [67], can be easily recovered from
the formulae given above for Bq → DqP decays by taking the heavy-quark limit and assuming
light final states, i.e., taking rc,D = 0, rb = 1, ξ = 1 (ξ¯ = 0) and
∫
dξΦB(ξ)/ξ¯ = mB/λB.
In our numerical evaluation, the decay constants and holographic DAs for the mesons given
in the last section are used as hadronic inputs. For the strong coupling constant, the quark
masses and the CKM matrix elements, we take
αs(mW ) = 0.1181± 0.0011 [50] ; (45)
mpolet = 174.2± 1.4 GeV , mpoleb = 4.78± 0.06 GeV , mpolec = 1.67± 0.07 GeV [50] ; (46)
|Vcb| = 0.04181+0.00028−0.00060 , |Vud| = 0.974334+0.000064−0.000068 , |Vus| = 0.22508+0.00030−0.00028 [69] . (47)
For the Bd → Dd transition form factors, we adopt the CLN parameterization [70], with the
relevant parameters extracted from the experimental data of exclusive semileptonic b → c`ν¯`
decays [71],
G(1)|Vcb| = (41.57± 0.45± 0.89)× 10−3 , ρ2 = 1.128± 0.024± 0.023 . (48)
For the Bs → Ds transition form factor, on the other hand, we use the results obtained by
QCD sum-rule techniques, assuming a polar dependence on q2 that is dominated by the nearest
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Table 3: The experimental results and theoretical predictions for |α1| with and without the SS
corrections taken into account.
T+V T+V+SS NLO [39] NNLO [39] Exp. [39]
|α1(Ddpi)| 1.054+0.020−0.018 1.051+0.018−0.016 1.054+0.022−0.020 1.073+0.012−0.014 0.89± 0.05
|α1(DdK)| 1.053+0.019−0.017 1.049+0.017−0.016 1.054+0.022−0.019 1.070+0.010−0.013 0.87± 0.06
|α1(Dspi)| 1.054+0.020−0.018 1.051+0.018−0.017 — — —
|α1(DsK)| 1.053+0.019−0.017 1.050+0.017−0.016 — — —
resonance [72,73],
FBs→Ds0 (0) = 0.7± 0.1 , mres = 6.8 GeV . (49)
In fact, one can also evaluate the form factor by using the improved holographic wavefunction.
For instance, adopting the strategy of the covariant LF quark model, one can obtain [74,75]
FBs→Ds0 (0) = f
Bs→Ds
+ (0) =
∫ 1
0
dz
∫
d2k⊥
2(2pi)3
ψ∗Bs(z,k⊥)ψDs(z,k⊥)
zz¯
(z¯mb + zms)(z¯mc + zms) + k
2
⊥√
m20,Bs − (mb −ms)2
√
m20,Ds − (mc −ms)2
(50)
at the maximum recoil. Numerically, we obtain FBs→Ds0 (0) = 0.81 ± 0.01, which is roughly
in agreement with the result of QCD sum-rule, Eq. (49), within the theoretical uncertainties;
but the central value is relatively large. In the following evaluations, Eq. (49) is used as input;
the results for the branching ratios with FBs→Ds0 (0) = 0.81 ± 0.01 can be naively obtained by
multiplying a factor ∼ (0.81/0.7)2 if the SS and WA contributions are trivial. Besides, for the
other well-determined input parameters, such as the Fermi coupling constant, the lifetimes of
Bd,s mesons and the masses of mesons, we take the central values given by PDG2016 [50]. The
theoretical uncertainties in our evaluation are obtained by evaluating separately the uncertain-
ties induced by each input parameter given above and the renormalization scale µ = mb
+mb
−mb/2,
and then adding them in quadrature.
Using the theoretical formulae and inputs given above, we then present our numerical results.
Our theoretical predictions for |α1| with and without the SS corrections taken into account are
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Table 4: Theoretical predictions for the CP-averaged branching fractions (in units of 10−3 for
B¯d,s → D+d,spi− and 10−4 for B¯d,s → D+d,sK− decays) .
T + V T + V + SS +WA Ref. [39] Exp. [50]
B¯d → D+pi− 3.606+0.422−0.408 3.582+0.415−0.404 3.93+0.43−0.42 2.52± 0.13
B¯d → D+K− 2.731+0.319−0.308 2.712+0.313−0.305 3.01+0.32−0.31 1.86± 0.20
B¯s → D+s pi− 4.741+1.463−1.274 4.717+1.457−1.270 4.39+1.36−1.19 3.00± 0.23
B¯s → D+s K− 3.591+1.108−0.965 3.575+1.104−0.962 3.34+1.04−0.90 2.27± 0.19
summarized in Table 3, in which, the theoretical predictions [39] with vertex corrections at
NLO and NNLO level and the results extracted from experimental data [39] are also listed for
comparison. It can be found that: (i) our results for |α1| obtained by using holographic DAs
are in consistence with the ones in Ref [39] obtained by using lattice inputs [76]; while, both
of them are a little larger than the data. (ii) Such possible tension is hardly to be moderated
by the SS correction, which is suppressed by not only B/A but also small C2 (see Eq.(32)),
and therefore, is too small compared with the tree amplitude. Numerically, the SS corrections
present negative shifts of about ∼ 0.3% on the amplitude level.
The WA amplitude is proportional to the large Wilson coefficient C1, and thus, is expected
to present a large correction relative to the SS amplitude. However, numerically, we find
β1(Ddpi)× 103 = −0.43+0.09−0.14 , β1(DsK)× 103 = 0.47+0.17−0.11 , (51)
which are very small and at the same level as SS contribution. It is mainly caused by that:
(i) the WA amplitude is power-suppressed as the SS amplitude. (ii) For the case of light PP
final states, the negative Ac1 and the positive A
d
1 (factorizable WA amplitudes) cancel entirely
with each other, i.e., Ac1(PP ) + A
d
1(PP ) = 0, which can be clearly seen from Eqs. (55) and
(56) or the relevant formulae given in Ref. [67]; therefore, the WA contribution comes only
from positive Aa1(PP ) + A
b
1(PP ) (nonfactorizable WA amplitudes). However, for the case of
DP final states, because of the corrections induced by the masses of c quark and D meson,
Ac1(DP )+A
d
1(DP ) is nonzero and present a relatively large negative contribution, which further
cancels with Aa1(DP )+A
b
1(DP ); as a result, the “residual” (total) WA contribution, A1, is very
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small. Taking Bd → Ddpi as an example, we find Aa1 +Ab1 ∼ 7.6 and Ac1 +Ad1 ∼ −9.0 ( the later
becomes zero for the case of two light final states as just mentioned), which results in a very
small A1 ∼ −1.4. Therefore, we would like to emphasize that the small WA contributions to
the Bd → Ddpi and Bs → DsK decays are caused by not only the power-suppression but also
the significant cancelation between the factorizable and nonfactorizable WA amplitudes.
Finally, we present our theoretical results for the CP-averaged branching fractions of Bd,s →
Dd,sP decays in Table 4, in which the experimental data [50] and the theoretical results based on
NNLO evaluation for the vertex amplitudes [39] are also listed for comparison. It can be found
that the branching fractions of Bd,s → Dd,sP decays can only be reduced about 0.7% by the
power-suppressed SS and WA corrections, which is trivial numerically, and therefore, confirms
the analysis based on the power counting rules [38]. The central values of the theoretical
predictions are still much larger than the data. Such deviation will be further enlarged when
the NNLO contribution is taken into account [39].
4 Summary
In this article we have evaluated the decay constant and distribution amplitude for the heavy-
light pseudoscalar mesons by using the helicity-improved light-front holographic wavefunction.
Then, we have further applied these results to evaluate theBd,s → Dd,sP (P is light pseudoscalar
meson) decays by using QCD factorization approach, in which, besides of the tree and vertex
amplitudes, the spectator scattering and weak annihilation amplitudes are also taken into
account. Our main findings are summarized as follows:
• Under the constraints from the decay constants and masses of the heavy-light pseudoscalar
mesons, we have performed the χ2-analyses for the holographic parameters κ and the
effective quark masses by using an improved holographic WF. The χ2-fitting results are
roughly in a consistence with the ones obtained by fitting the Regge trajectory except for
some tensions in D(s) system. With the best-fitting values of holographic parameters, we
have also predicted the holographic DAs of heavy-light mesons.
• With the obtained decay constants and DAs, we further show that they can be used in
the evaluations of B meson decays. The effective coefficients and the branching fractions
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of Bd,s → Dd,sP decays are evaluated in this paper. It is found that the power-suppressed
spectator scattering contribution presents negative shifts of about 0.3% on the amplitude
level. Moreover, the annihilation contribution is also very small because of the significant
cancellation between the factorizable and nonfactorizable WA amplitudes. Such findings
confirm the previous analysis for the SS and WA corrections based on the power counting
rules. Numerically, the QCDF predictions for the branching fractions of Bd,s → Dd,sP
decays can be reduced by about 0.7% by the power-suppressed corrections; while, they
are still larger than the data.
Appendix: the annihilation amplitude A1
The full expression for A1:
A1 = A
a
1 + A
b
1 + A
c
1 + A
d
1 , (52)
Aa1 =
∫ 1
0
dx dη dξ ΦD(η) ΦB(ξ)
1
[η¯x(1− r2D)][x(η¯ − ξ)(1− r2D)− ξη¯(1 + r2D)]{
(1− r2D)
[
(1 + r2D)(ξ − η¯)− rb
]
ΦP (x)
+rDrµP
[
η¯(1 + r2D) + 4rb − 2ξ + x(1− r2D)
]
φP (x)
}
, (53)
Ab1 =
∫ 1
0
dx dη dξ ΦD(η) ΦB(ξ)
1
[η¯x(1− r2D)][x(η¯ − ξ¯)(1− r2D)− ξ¯η¯(1 + r2D)]{
(1− r2D)
[
2η¯r2D + x(1− r2D)− ξ¯(1 + r2D)
]
ΦP (x)
−rDrµP
[
η¯(1 + r2D) + x(1− r2D)− 2ξ¯
]
φP (x)
}
, (54)
Ac1 =
∫ 1
0
dx dη dξ ΦD(η) ΦB(ξ)
1
[η¯x(1− r2D)][x(1− r2D) + 2ηη¯r2D]{
− (1− r2D)
[
2rcrD + r
2
D + x(1− r2D)
]
ΦP (x)
+rµP
[
rc(1 + r
2
D) + 2rD
(
(1 + r2D) + x(1− r2D)
)]
φP (x)
}
, (55)
Ad1 =
∫ 1
0
dx dη dξ ΦD(η) ΦB(ξ)
1
[η¯x(1− r2D)] [η¯(1− r2D)]{
η¯(1− r2D)ΦP (x)− 2rDrµP [(1− r2D) + η¯(1 + r2D)]φP (x)
}
, (56)
where rc = mc/mB, rb = mb/mB, rD = mD/mB and rµP =
m2P
mB(mq+mq¯)
(mq and mq¯ are the quark
masses in P meson); ΦP (x) and φP (x) are the twist-2 and -3 DAs of P meson, respectively.
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